This study presents evidence for treeline advance in the central Rocky Mountains, United States, between 1800 and 800 cal. yr BP. This evidence was generated by systematic survey, sampling, and accelerator-mass spectrometer (AMS) dating of remnant Pinus albicaulis above the modern treeline ecotone of Union Peak, in the Wind River Range of western Wyoming. The survey identified 257 tree remnants, of which AMS dates were generated on 15 samples. Based on AMS results, it appears that treeline was approximately 100 m higher in elevation and covered an additional 1 km of horizontal distance for approximately a millennium, 1800-800 cal. yr BP. These findings are surprising given the tendency of remnant forests across the region to date to the middle Holocene but are consistent with regional evidence for increases in effective moisture that are contemporaneous with the Union Peak treeline advance. The age of death for most of the sampled trees occurred, however, near 800 cal. yr BP, 200 or more years prior to the onset of the type of regional and hemispheric temperature decreases that might be expected to result in treeline decline. Given the contemporaneity of the Union Peak treeline decline with a substantial regional megadrought 820-780 cal. yr BP, it is hypothesized that declining moisture availability played a fundamental role in this phenomenon. If true, the late-Holocene advance and subsequent decline of treeline on Union Peak would emphasize the role effective moisture plays in the complex interactions between temperature, precipitation, and local-scale factors conditioning treeline elevation across the central Rocky Mountain region.
Introduction
The subject of late-Holocene climatic variability is important for a number of factors, not the least of which is modeling the causes and effects of climate change at multiple scales (Cannell et al., 1996; Cox et al., 201 1; Crowley, 2000; Luckman and Kavenaugh, 1998; Stenseth et al., 2002) . Within this context, this study presents evidence for treeline expansion between 1800 and 800 cal. yr BP in the central Rocky Mountains, in western Wyoming's Wind River Range (Figure 1 ). It bases this assertion on data generated by systematic survey, sampling, and accelerator-mass spectrometer (AMS) dating of a large quantity of remarkably well-preserved relict whitebark pine (Pinus albicaulis) remnants identified above modern treeline along the Union Peak massif in the northern portion of the range. These data are evaluated in light of current macro-and microscale models explaining treeline fluctuation and in reference to regional and hemisphere-wide paleoclimatic reconstructions. Based on these evaluations, the Union Peak treeline advance is most parsimoniously explained as having been driven by regionwide increases in effective moisture. Treeline decline c. 800 cal. yr BP was most likely affiliated with a contemporaneous region-wide megadrought and overall decreases in effective moisture across western and southeastern Wyoming during the late Holocene.
Treeline and climate
The correlation between treeline, latitude, and altitude has long been recognized (e.g. Dänicker, 1923; Imhof, 1900; Marek, 1910) , as has the fact that treeline advance is often associated with climate change, in particular with temperature increase (Griggs, 1937; Tikhomirov, 1956 ). This correlation is based on the fact that temperature is a key mechanism limiting sapling establishment, photosynthesis, and tree growth, meaning temperature plays a fundamental role in high-altitude forest establishment and decline (Holtmeier, 2003; Körner, 1998b; Körner and Paulsen, 2004) . Increased temperature has been linked to both modern and ancient treeline advance in the Alps (Wieser et al., 2009) , Scandinavia (Barnekow, 1999; Kullman, 2001; Lenoir et al., 2008) , Alaska (Viereck, 1979) , the Himalaya (Shi et al., 2008) , the Rocky Mountains (Carrara, 2011; Elliott and Kipfmueller, 2011; Luckman and Kavenaugh, 1998 ), California's Sierra Nevada (Scuderi, 1987) and White Mountains (LaMarche, 1973; LaMarche and Mooney, 1967) , and elsewhere (Breshears et al., 2008) . Conversely, other evidence suggests that treeline decline can be linked to cold stress and its deleterious effects on saplings and young trees (Smith et al., 2003) , although cold has less ef fect on established, mature trees (Körner, 1998a) . Clearly, temperature and affiliated macroclimatic change correlate strongly with treeline elevation (Gehrig-Fasel et al., 2008; Holtmeier, 2003: 46; Innes, 1991; Jobbagy, 2000; Rochefort et al., 1994; Tranquillini, 1979) . A similarly long history, however, also notes that the relationship between treeline and climate is not always linear (Daubenmire, 1954; Griggs, 1938; Körner, 1998a; Wieser, 2012) and can also be conditioned by factors such as local aspect and topography (Germino et al., 2002; Scuderi, 1994 , but see Paulsen and Körner, 2001) , microclimates and soils (Holtmeier and Broll, 2005; Malanson et al., 2007; Munier et al., 2010; Potkin, 1991; Smith et al., 2009) , disturbance (Cairns and Moen, 2004; Staland et al., 2011; Wardle, 1968) , CO 2 availability (Hättenschwiler et al., 2002) , the physiological tolerances of different tree taxa (Schwilk and Keeley, 2012) , and the temporal scale of climatic change (Millar et al., 2004) . In particular, precipitation and soil moisture, which are determined by macroscale (e.g. climatic) and local-scale (e.g. orographic) factors, also condition treeline (Billings, 1969; Daniels and Veblen, 2004; Liang et al., 2011) . Barnekow (1999) , for example, links coniferous treeline advance in Sweden with a shift to drier, more continental climates. In a similar vein, in the Sierra Nevada, Lloyd and Graumlich (1997) note the importance not only of slope, aspect, and soil moisture content but also of summer drought in conditioning treeline elevation. In sum, factors other than temperature, including aspect and exposure, many types of disturbance, and especially soil moisture, also play significant roles in determining treeline elevation. This is demonstrably true in North America's Rocky Mountains. Here, complex topographies result in nonlinear correlations between treeline advance and climate and consequently to difficulty in linking local environmental changes to large-scale climatic phenomena (Allen and Walsh, 1996; Elliott, 2011; Mensing et al., 2012; Poage et al., 2000) . Elliott and Kipfmueller (2011) , for instance, note that tree establishment correlates with temperature in Colorado's Front Ranges, but not further south, in New Mexico's Sangre de Cristo Mountains. Disturbance, especially eolian disturbance, may play a critical role in this equation (Alftine and Malanson, 2004; Hättenschwiler and Smith, 1999) . Alternatively, high elevation P. albicaulis dendroclimatological studies in central Idaho (Perkins, 2001; Perkins and Swetnam, 1996) found that although early season temperature plays a critical role in growing season length, precipitation also contributes considerably to tree growth. This complex relationship between growth, moisture, and temperature is demonstrated in studies of high elevation pines across the western United States (Kipfmueller and Salzer, 2010) .
Nonetheless, relict trees and other ecological evidence for upper altitudinal variation of the climatically sensitive subalpine ecozone serve as paleoclimatic indicators in the ranges of the central Rocky Mountains. Perhaps the most recognized of these are data documenting elevated treelines during the middle Holocene (Benedict, 2011; Benedict et al., 2008; Carrara, 2011; Carrara et al., 1991; Kelly, 2010; Lee, 2012; Lyford et al., 2003 ) that provide evidence for region-wide 'Altithermal' warming (sensu Antevs, 1948 Antevs, , 1955 . A single radiocarbon date from a tree in an alpine remnant forest on the east side of the Wind River Range, however, suggests temporal correlation between treeline advance and the 'Medieval Warm Period' (MWP; sensu Bradley et al., 2003) as well (Morgan et al., 2012) . Dendroclimatological data from this same area tentatively support this assertion, but more importantly show reasonably strong correlations between tree growth, spring and early fall temperatures, and early spring precipitation (Losey, 2013) . Thus, pre-modern treeline advances appear to grossly correlate with the timing derived from palynological and dendroclimatological proxies for warmer and drier periods in the Wind River Range, particularly between c. 7500 and 4500 cal. yr BP and again between c. 1200 and 500 cal. yr BP (Anderson, 2010; Davis et al., 2003; Fall, 1994; Fall et al., 1995; Johnson, 2010; Lynch, 1998; Mensing et al., 2012) , although there was apparently considerable variability on the timing and nature of aridity in the region (Whitlock and Bartlein, 1993) .
Study area
The Wind River Range is a 150-km-long, northwest-southeast trending mountain range along North America's central Rocky Mountain continental divide. Elevations range from approximately 2000 to 4207 m at Gannet Peak, the highest peak in the range. The range is composed of a plutonic core (mainly granitics) and Paleozoic and Mesozoic sedimentary and metasedimentary rocks, including dolomites, limestones, sandstones, and quartzites (Branson and Branson, 1941) . Evidence of Quaternary glaciation, including neoglacial advance and retreat, is common throughout the range, with scouring, cirques, moraines, and recessional moraine-dammed lakes characterizing much of its surface geomorphology; the range also contains a small number of active glaciers and permanent snowfields in its higher elevations (Chadwick et al., 1997; Dahms, 2002; Mahaney , 1984) .
The study area is on the northwestern edge of the Wind River Range, immediately southeast of Union Pass (elevation 2800 m), the watershed boundary between the Green River and Wind River. This area comprises the south and southwest-oriented slopes below Union Peak (elevation 3502 m) and its associated 7-kmlong summit ridge (Figure 2 ). For the most part, the area is not very steep (average slope = 10°) and is characterized by shallow, weakly developed soils, moderate erosion, areas of exposed granitic bedrock, and remnant glacial features like moraines and small, moraine-dammed subalpine lakes. The area straddles the modern treeline ecotone, with timberline averaging (depending mainly on aspect) approximately 3100 m and treeline extending as high as 3170 m. Above this is an alpine tundra consisting of hardy grasses, sedges, forbs, and low, woody shrubs (Reed, 1976) , with sparse krummholz P. albicaulis extending in some locations to 3200 m elevation. Below timberline is a subalpine, mixed conifer forest consisting of mainly P. albicaulis, Engelmann spruce (Picea engelmannii), and subalpine fir (Abies lasiocarpa; Lynch, 1998; Reed, 1976) . P. albicaulis is dominant near treeline and occasionally forms near-homogenous stands (Owens, 2008) . These trees are currently suffering the extremely deleterious effects of a region-wide mountain pine beetle (Dendroctonus ponderosae) infestation (Kayes and Tinker, 2012; Kegley et al., 201 1; Logan et al., 2010) .
The Wind River Range has a continental climate within the Westerlies but with precipitation patterns also influenced at a range of scales by the mountainous topography of the western United States (Mock, 1996) . This arguably results in a late spring to early summer peak in precipitation (Shinker, 2010) , but there is considerable winter precipitation (mainly snow) and mid-late summer convective thunderstorms that can, depending on year, reduce the difference between summer-and winter-dominated precipitation (Marcus, 2012; Shinker and Bartlein, 2010; Whitlock and Bartlein, 1993) . At Gunsight Pass (elevation 2883 m), the closest weather station to the study area (8.6 km to the southwest), average annual modern precipitation (recorded from 1998 to 2010) is 65 cm (Natural Resources Conservation Service (NRCS), 2013). The minimum recorded temperature between 1999 and 2012 (in December 1999) was −26°C and the maximum was 19°C during several days in July and August. Seasonal averages correspond to the generalizations of Dunwiddie (1977) , who indicates that the subalpine zone of the Wind River Range has a mean January temperature of −15.1°C and a mean July temperature of 9.6°C. The prevailing wind direction for the period 1998-2001 (the range for which data are available) is dominated by the continental Westerlies, ranging almost exclusively from the south to mainly the west, with a mean azimuth of 214°. Recorded wind speed at this same station (and for the same period of time) varies considerably, ranging from 0 to a remarkable 216 km/h, with a mean and standard deviation of 58.9 ± 34.5 km/h (NRCS, 2013). The Wind River Range is indeed appropriately named.
Methods
The empirical goals of the survey were to generate a sample of the areal, elevational, and temporal extent of the distribution of tree remnants above the current treeline ecotone on the southwest slopes of Union Peak, where several remnant trees had previously been noted by the authors near an off-highway vehicle track in the area. To accomplish this, survey, sampling, and dating methods were undertaken. The survey was conducted via line-abreast transects of four persons each, with a transect spacing of 25 m between individuals. Surveys followed the natural surface contour of two ridges, began at current treeline (average elevation 3170 m) and continued upslope into the alpine zone, culminating at Union Peak (3502 m; Figure 2 ). The total area surveyed was 80.6 ha.
Within the survey area, all large stumps (i.e. those with an intact root ball and a diameter of at least 50 cm) and large remnant tree midsections (also with diameters >50 cm and more than 1 m long) were identified and their location plotted using handheld global positioning system (GPS; maximum accuracy ±4 m). Given the excellent surface visibility of the terrain above treeline, it is likely that all remnant wood meeting these criteria was identified in the surveyed area. Identified tree remnants were sampled by removing a small wedge of wood from the exterior of 35 of the identified tree remnants with a small handsaw (Figure 3) . Sample dimensions varied but in no cases exceeded 34 annual growth rings (measured from the exterior of the sample). In all, 15 of these specimens (all from stumps with intact root balls) was identified in the laboratory as P. albicaulis and were AMS dated at the Center for Applied Isotope Studies at the University of Georgia, United States. Each sample was pretreated using the acid-alkali-acid method (Hajda, 2006) and analyzed using the AMS method described in Vogel et al. (1984) to identify the age of death of each tree (i.e. by dating the exterior growth rings of the sample). Samples were chosen systematically to ensure dates were generated for the entire elevational range of the remnant trees.
Results
In total, 257 tree remnants (stumps and large logs) were identified in the survey area. In all, 35 of these were sampled, and of these 35 samples, 15 AMS radiocarbon assays were conducted. Untabulated evidence for trees was also noted: weathered fragments, branches, and smaller, disarticulated stumps were frequently encountered during the survey. Of the 257 remnants, condition varied. Nearly all of the stumps had blown over, with their root balls lying perpendicular to the ground surface. Some showed evidence of fairly extensive weathering and decomposition, as evidenced by deep cracks, rough surfaces, and partially decomposed wood encountered when cut. Most, however, were not decomposed (they smelled like fresh-cut timber), exhibited little evidence of splitting, had fairly smooth exterior surfaces, and showed no evidence of interior rot; several appeared to represent the remains of nearly complete trees (Figure 3 ). The elevation range of identified remnant trees runs from near modern treeline (at 3170 m) to 3268 m. This latter elevation is 98 m higher than current treeline and nearly 200 m higher than modern timberline. Remnant trees at these higher elevations also range from 0.8 to 1.2 km horizontal distance from modern treeline. The density of confidently identified tree remnants is 3.19 trees/ha. AMS dating results documenting the approximate age of death of sampled trees range from 860 to 1530 rc. yr BP (radiocarbon years Before Present; Table 1 ). Calibrated at 2σ (with CalPal 2007 (Weninger et al., 2012) using the Hulu calibration curve (Weninger and Jöris, 2008) ), these dates range from 790 to 1450 cal. yr BP. Linear regression indicates that these AMS dates do not significantly predict altitude (β = 0.450, t(13) = 1.815, p = 0.093) and that AMS dates only explain approximately 20% of the variance in elevation (r 2 = 0.2021, F(1,13) = 3.29, p = 0.093). In short, there is no significant correlation between age of death of remnant trees and altitude (Figure 4) . However, the summed probability distribution of the 15 calibrated (at 1σ) AMS dates ( Figure 5 ) indicates a multimodal distribution of age of death for identified tree remnants, with the highest probabilities between 940 and 790 cal. yr BP and a second, less pronounced mode between roughly 1200 and 1050 cal. yr BP.
Discussion
The most obvious inference resulting from these data is that treeline on the southwestern slopes of Union Peak was approximately 100 m higher in elevation than present between 1500 and 800 cal. yr BP (the fact that there are no dates prior to 1500 cal. yr BP suggests that there are no middle-Holocene/Altithermal remnants: one would expect at least a few dates from the middle Holocene if such trees were indeed present in the sample area). Given the fact that P. albicaulis can live approximately 700 years (Perkins and Swetnam, 1996; Tomback et al., 2001) , the earlier part of this span could conceivably be extended to as much as 2200 cal. yr BP (so a span of 2200-800 cal. yr BP appears not unreasonable), given that the AMS dates are taken to represent the approximate age of death of each sampled tree (with a c. 60-year error range taking into account the maximum number of rings in each sample and the 20-to 25-year standard deviation for each AMS date). This also means that the subalpine forest here covered an estimated additional kilometer of horizontal distance, essentially halving the amount of the alpine ecozone along the Union Peak summit ridge and leaving a much-reduced alpine 'island' (sensu Riebesell, 1982) along the narrow Union Peak crest (Figure 2) .
The most striking thing about this inference, however, is not the elevational or areal extent of the identified relict forest. As previously discussed, such forests are not uncommon in the American West. Rather, what is intriguing is the fairly tight temporal span of the AMS dates and the fact that this span corresponds to neither the middle-Holocene remnants found in the (Weninger et al., 2012) using the Hulu calibration curve (Weninger and Jöris, 2008) .
mountains of Colorado and eastern California (Benedict et al., 2008; Carrara, 2011; Carrara et al., 1991; LaMarche, 1973; LaMarche and Mooney, 1967; Scuderi, 1987) nor to the general observation that treeline was higher in the region for most of the Holocene prior to about 3000 cal. yr BP (Fall et al., 1995) . In uncalibrated radiocarbon years, the range of the Union Peak dates is only 670 years (about the lifespan of P. albicaulis), with a mean of 1099 rc. yr. BP and a standard deviation of 215 years. This stands in sharp contrast to the temporal spans for other alpine remnant forests: for instance, the 3900-year, mainly mid-Holocene span identified by Scuderi (1987) 2005). The timing, extent, duration, and effects of the MWP are, of course, subject to considerable debate (Bradley et al., 2001; Broecker, 2001; Hughes and Diaz, 1994b; Mann and Bradley, 1999; Stine, 2000) , but it is generally understood as a period of variable but also elevated temperature and reduced precipitation between approximately 1150 and 550 cal. yr BP (Bradley et al., 2003; Hughes and Diaz, 1994a; Lamb, 1990; Mann, 2002) . Palynological studies (Harding and Lowe, 1998; Plager and Holmer, 2004) , fire histories (Whitlock et al., 2003) , and evidence for glacial retreat (Benedict, 1985) all indicate the local effects of periodic increases in temperature and decreases in precipitation during the MWP in the region. The majority of the Union Peak AMS dates (n = 12; 80% of the sample) correlate with this span for the MWP, preliminarily suggesting some sort of causal connection between increased MWP temperature and the Union Peak treeline advance. But three of the AMS dates clearly pre-date the MWP. Given this, the span of the summed probability distribution of the Union Peak AMS dates ( Figure 5 ) and the 700-year lifespan of P. albicaulis, it is likely that treeline expansion and establishment of a subalpine forest in the modern alpine zone of Union Peak began perhaps as early as 2200 cal. yr BP, but more conservatively between roughly 1800 and 1600 cal. yr BP, meaning treeline advance occurred 1050-550 years before the initiation of the MWP and the types of increased temperatures which might facilitate treeline advance.
This leaves the cause of the Union Peak treeline advance in question. Local-scale factors which might have encouraged treeline advance during this time are unlikely, especially given the relative geological and geomorphological stability of the Union Peak area (i.e. there have been no fundamental changes to aspect, topography, or soils during the late Holocene). At gross scales, the consistency of climate and vegetation in the region after about 5000 cal. yr BP (Mensing et al., 2004; Whitlock, 1994; Whitlock and Bartlein, 1993) suggests herbivory, CO 2 availability, wind speed, and other local-scale disturbances would also have also been more-or-less consistent, at least at century-long (or more) temporal scales. In fact, the best evidence for the type of increased disturbance that might result in treeline decline is from increased regional eolian activity from approximately 1800 to 1200 cal. yr BP (Ahlbrandt, 1974; Ahlbrandt et al., 1983; Eckerle, 1997) , the same period of time when the Union Peak remnant forest became established. Changes in solar gain due to solar activity might be expected over short timespans but would have been negligible at the longer temporal scales thought to affect treeline variation (Millar et al., 2004; Mursula et al., 2001, but see Friis-Christenson and Lassen, 1991) . Human impacts during this time (1800-800 cal. yr BP), which some researchers argue was most intensive prior to the Historic Period (Kelly et al., 2012; Losey , 2013; Morgan et al., 2012) , would have likely hindered rather than facilitated treeline advance, given humankind's tendency to denude subalpine-alpine landscapes of firewood (Grayson and Millar, 2008) . The periodicity of climatic changes could conceivably have played a role in treeline advance as well: several regional studies point to the multidecadal as opposed to subdecadal climatic variability of the MWP versus the 'Little Ice Age' (LIA), suggesting the MWP was, despite considerable variability in temperature and precipitation, more stable when compared with the succeeding LIA (Ahlbrandt et al., 1983; Dahms, 1994 Dahms, , 2002 Eckerle, 1997; Losey , 2013) . The effects of long-term versus short-term climatic variability appear to be negligible, however, with treeline advance arguably facilitated by more stable climatic conditions but also being resilient to more short-term change (Millar et al., 2004) . This suggests that macroscale causes like temperature and precipitation were the principal mechanisms driving the Union Peak treeline advance. Generally, warm and dry conditions arguably pertained in western Wyoming 4-16 centuries before the MWP and persisted through the MWP (Losey, 2013; Miller, 1992) . Plant macrofossils and pollen from woodrat middens in Wyoming, Montana, and Utah, for instance, indicate more arid (when compared with the preceding two millennia) regional environments developing as early as c. 2800 cal. yr BP (Lyford et al., 2002 (Lyford et al., , 2003 . Dune activity increased at 4100 and between 2300 and 1800 cal. yr BP in the High Plains and in the basins of western Wyoming, a condition attributed to a lack of moisture necessary to encourage plant colonization and subsequent stabilization (Ahlbrandt, 1974; Ahlbrandt et al., 1983; Eckerle, 1997; Halfen et al., 2010; Miao et al., 2007) . But more recent palynological analyses by Shuman (2012) indicates mean western and southeastern Wyoming temperatures were equivalent to or slightly below historical averages between approximately 2000 and 1300 cal. yr BP. Although the temporal resolution of this and a related study (Kelly et al., 2012) are somewhat coarse and therefore difficult to apply directly to the late Holocene, scaling these data to a 3000-year late-Holocene span ( Figure 6 ) makes it clear that there is little evidence for increased temperature during the Union Peak treeline advance, at least in southern and western Wyoming.
Stronger temporal correlations are suggested, however, by evidence for increased effective moisture during this time. At Lake of the Woods, located some 9 km W-NW of Union Peak, Shuman (2012, also documented in Kelly et al., 2012) More intriguing than the somewhat tentative and general correlation between late-Holocene increases in effective moisture and treeline advance is the age of death of the trees associated with this advance. For example, the most pronounced peak in the AMS summed probability distributions documenting age of death for the sampled Union Peak trees is between 850 and 780 cal. yr BP. This span is 200-300 years before the onset of the LIA and the cooling which would ostensibly allow temperature change to account for treeline decline (Davies, 2011; Naftz, 1993; Naftz et al., 1996; Plummer et al., 2003) . Given the relative stability of late-Holocene, local-scale factors (i.e. CO 2 availability, disturbance, exposure, etc.), the obvious candidate explaining this phenomenon is drought. Specifically, one of the most substantial regional megadroughts occurred 820-780 cal. yr BP (Cook et al., 2010; Herweijer et al., 2007) , contemporaneous with several of the dates documenting treeline decline on Union Peak. These droughts are also contemporaneous with local and regional evidence for subalpine lake-level regressions documenting decreased effective moisture in the region (Minckley et al., 2011; Shuman et al., 2010; Figure 6 ). This correlation is intriguing enough to warrant further investigation via dendroclimatological and other proxy studies from the Wind River and adjacent ranges; these data are, however, currently lacking (but see Losey, 2013; Plummer et al., 2003) .
Finally, the sensitivity of the Union Peak treeline ecotone to climatic changes is illustrated by recent treeline advance. Although no modern chronometric data were generated as part of this project, it is apparent that young, non-krummholz P. albicaulis are reestablishing themselves in what until recently was the alpine ecozone of the study area ( Figure 7 ) . Despite the poor health of the surrounding subalpine forest due to mountain pine beetle infestation, based on tree height and diameter, most of these trees appear to be no more than about 20 years old, many of them much younger. If so, such a reestablishment would be consistent with other data pointing toward late 20th-and 21st-century warming in the range. For instance, Hall et al. (2012) document changes in streamflow that are linked to increasing maximum air temperature over the last 40 years (see also Bell et al., 2011) . Similarly, δ 18 O records from Wind River glacial ice cores and P. albicaulis tree-ring records suggest a 1.4 -3.5°C increase in temperature since 1960, and a nearly 5°C increase since the end of the LIA (Plummer et al., 2003) . At this point, the fact that these changes appear to be documented at treeline as well is not surprising.
Conclusion
Using systematic survey , sampling, mapping, and a set of 15 AMS dates on remnant trees found in the alpine ecozone of the northern Wind River Range, this study has demonstrated treeline advance occurred here between approximately 1800 and 800 cal. yr BP. This advance surprisingly does not correspond to relatively abundant regional evidence for treeline advance during the middle Holocene, but rather to a late-Holocene advance that best corresponds to regional evidence for increased effective moisture beginning c. 2000 cal. yr BP . The age of death for the majority of the sample indicates similar mechanisms were at play in conditioning treeline decline. These dates cluster around 800 cal. yr BP and consequently pre-date the onset of the type of colder, LIA temperatures which would be expected to result in treeline decline using a temperature-driven model. Dismissing local-scale factors such as fluctuations in CO 2 availability, geomorphic change, and disturbance leaves temporal correlation with decreases in effective moisture and a region-wide megadrought 820 -780 cal. yr BP as a plausible hypothesis explaining this decline. Additional proxy studies, particularly high-altitude dendroclimatological studies at Union Peak, from elsewhere in the Wind River Range and from other nearby ranges, would clearly be an effective means to test this hypothesis.
